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[5 7] ABSTRACT 
A measuring system for localizing a defect spot along a 
wire or along an insulated pipe having incorporated a 
wire in its insulation, comprising a pulse generator 
transmitting to one end of the wire consecutive trains of 
electric pulses, these pulses in each train being of stead 
ily increasing or decreasing duration, an associated 
detector receiver for receiving through said wire end 
pulses re?ected from said spot and designed so as to 
produce a detector signal in response to reception of a 
re?ected pulse front substantially concurrently with the 
termination of the transmission of the pulse to which 
said pulse front belongs, and indicator means operable 
to identify each of the individual pulses in response to 
occurrence of said detector signal, whereby the dura 
tion of the pulse thus identi?ed will be indicative of its 
running time to and from the defect pulse re?ecting 
spot and therewith be indicative of the distance from 
the wire end to the spot. Preferably the indicator means 
is a counter operable to successively count the consecu 
tive pulses, these being generated with a constant prede 
termined pulse frequency, and to stop or read out the 
count in response to occurrence of the detector signal, 
whereby it is possible to produce a direct digital reading _ 
of the location of the defect spot. 

12 Claims, 9 Drawing Figures 
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SYSTEM FOR LOCALIZING A SPOT ALONG A 
CONDUCTOR IN WHICH AN IMPEDANCE 

CHANGE SUCH AS A BREAK OR SHORT CIRCUIT 
OCCURS 

The present invention relates to a system for localiz 
ing a spot along an electric conductor in which an impe 
dance change such as a break or a short circuit occurs. 
Normally such a spot will constitute a defect which 
should be localized and repaired, and several measuring 
systems have been developed for enabling a localization 
by electric measurement from one or both ends of the 
conductor length. The conductor may be an electric 
cable or wire or even a metallic pipe in ordinary use, or 
it may be a wire extending along some elongated struc 
ture and serving to enable detection of some types of 
physical changes in the surroundings somewhere along 
the structure. A speci?c example is the use of an electric 
wire incorporated in the insulation of heat insulated 
pipes in subterranean pipe systems e.g. for district heat 
ing; in such pipes the insulation is protected by an outer 
mantle tube for preventing intrusion of water which 
would make the insulation ineffective and give rise to 
corrosion on the metallic conductor pipe. With the use 
of said electric wire or more such wires it is possible to 
electrically detect a possible intrusion of water or mois 
ture in the dry insulation material, and even the location 
of the defect spot may be determined because of the 
local impedance change caused by the moisture. A 
more or less expressed short circuit is established be 
tween the wire and another wire or the ground, and an 
elementary manner of localizing the defect would be to 
carry out a so called bridge measurement from both 
ends of the wire. 
However, more convenient measuring methods have 

been developed, base on the fact that a wire portion 
located in changed impedance surroundings is able to 
re?ect an electric pulse fed to one end of the wire, so it 
is suf?cient to measure from one wire end the travelling 
time of a pulse running from the wire end (or the mea 
suring device) and back again upon being re?ected from 
the “defect” spot. 
More speci?cally the invention relates to a measuring 

system of this latter type, i.e. a system comprising pulse 
generator means for transmitting a series of electric 
pulses to the conductor from one end thereof, and asso 
ciated receiver means for detecting the return of pulses 
re?ected from said changed impedance spot, said gener 
ator and receiver means being connected to indicator 
means, operable to detect the time interval between 
transmission and reception of a re?ected pulse and to 
produce a corresponding indication of the location of 
said spot. 

In a well known system of this type pulses of ex 
tremely short duration are repeatedly sent out along the 
cable, and the return of the re?ected pulses is registered 
by means of an oscilloscope working with extremely 
high sweep velocity, whereby the re?ection will be 
seen as a blip somewhere along the time axis on the 
screen, the position of the blip on this axis being repre 
sentative of the location of the defect to be localized. In 
practice, however, the time axis is of short length, 
whereby the measuring accuracy is not very high, and 
it would be rather dif?cult to effect reading of the mea 
suring result on anything else than an oscilloscope. 
Another known pulse measuring system makes use of 

pulses of relatively long duration, namely so long that 
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2 
the front of the pulse may reach the opposite end of the 
supervised cable length and be re?ected back again, 
before the pulse is terminated. The voltage measured at 
the end of the cable from which the pulse is transmitted 
will then be the pulse voltage until the re?ected signal 
arrives at the measuring point, whereafter the voltage 
measured is the voltage of the generated pulse superim 
posed by the voltage of the re?ected pulse. The result 
ing voltage change is detectable on an oscilloscope, but 
again the measuring accuracy as to the location of the 
defect will be rather poor. In both systems it would be 
possible with the so-called “sampling” technique, in 
volving stepwise detection of the readings in many 
points of the time axis on the oscilloscope, to obtain 
more accurate readings, but this would be a rather ex 
pensive solution, and besides the very use of an oscillo 
scope normally requires highly skilled operators. 

It is the purpose of this invention to provide a measur 
ing system enabling said spot of changed impedance to 
be detected and localized with a high degree of accu 
racy and with a relatively inexpensive equipment. 
According to the invention there is provided a system 

of the said type in which said pulse generator means are 
operable to produce a series of pulse trains each com 
prising a series of pulses of individual durations or 
widths, preferably of steadily increasing or decreasing 
widths, ranging between a minimum width correspond 
ing to the pulse running to and back again from a con 
ductor point relatively close to said conductor end and 
a maxiumum width corresponding to the pulse running 
to and back again from at least a point near the opposite 
end of the conductor length to be supervised, said indi 
cator means comprising detector means responsive to 
reception of a re?ected pulse front when this reception 
coincides substantially with the termination of the indi 
vidual pulse giving rise to the re?ection of said pulse 
front, and pulse identi?cation means operable to pro 
duce information selectively indicative of the single 
individual pulses, said detector means being operatively 
connected with said pulse identi?cation means so as to 
cause the latter to produce information identifying the 
pulse giving rise to said detector response. 

In this system the response of the detector means will 
occur at the moment the respective individual pulse has 
a width or duration just corresponding to a running 
time to and from the pulse re?ecting spot, and the par 
ticular pulse will be automatically identi?ed by said 
pulse identi?cation means. As thus its duration is known 
the identi?ed pulse will enable the distance to the re 
?ecting spot to be found. Principally there are no prob 
lems corresponding to the short time base of the oscillo 
scope, because there is no need to use any time base 
corresponding to the pulse running time to and from the 
outer end of the wire. The said individual pulses in each 
pulse train may if so desired be sent out at arbitrary 
moments of time, and each train of pulses may comprise 
as many individual pulses as desired; thus the pulses 
may represent extremely short mutual time differences, 
and therewith condition a high accuracy of the localiza 
tion of the re?ecting spot. 

In a preferred embodiment of the system according to 
the invention the pulses in each pulse train are gener 
ated with a constant, predetermined frequency and so as 
to be of steadily increasing or decreasing duration, and 
the pulse identi?cation means is a simple counter for the 
consecutive pulses; when the detector responds to the 
characteristic pulse having occurred the counting is 
caused to stop, and the pulse is identi?ed by a digital 
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display showing the counter step. It is possible in this 
way to obtain a digital reading which simply shows the 
number of meters (or other length units) from the mea 
suring point to the re?ecting point, and the system ac 
cordingly may be designed as a robust measuring device 
which is usable without any special skill. 

In the following the invention is explained in more 
detail with reference to the accompanying drawing, in 
which: 
FIG. 1 is a schematic diagram of a measuring system 

according to the invention, 
FIG. 2 is an illustration of single consecutive pulses in 

a train of pulses, 
FIG. 3 is an illustration of two consecutive trains of 

pulses, 
FIG. 4 is an illustration of the manner in which the 

consecutive pulses are produced, 
FIG. 5 is an illustration of a supervised cable length in 

which a defect occurs, and 
FIGS. 6~9 are graphic views illustrating the manner 

of detecting the location of the defect. 
The arrangement shown in FIG. 1 comprises a cable 

length 2 to be supervised, or which has been found to be 
defective by way of a short circuit somewhere along its 
length, and it is desired to localize the defect D. A 
measuring system is connected to one end M of the 
cable in order to determine the distance from M to D by 
way of pulse re?ection from D. The main components 
and function of the measuring system are as follows: 
A pulse generator 6 produces repeatingly a series of 

successive pulses of constant pulse frequency, but of 
gradually increasing pulse width as illustrated in FIG. 2. 
The consecutive pulse series as illustrated in FIG. 3 are 
applied to the measuring end M of the wire 2 through an 
impedance 8. The pulse trains are additionally supplied 
as strobe pulses to a detector 10 through a wire 12, and 
moreover the pulses are supplied to a counter 14 
through a wire 16, the counter 14 being adapted to 
consecutively count the single pulses in each series of 
pulses and to operate a digital display unit 18 serving as 
a count indicator. The wire end M is connected to the 
input of the detector 10 through a wire 20, and the 
output of the detector is fed to the counter 14 through 
a wire 22. 

Brie?y, each single pulse supplied to the point M 
from the pulse generator 6 will be fed to the detector 10 
through the wire 20 partly as a main pulse P direct from 
the point M and partly as a re?ected pulse PR, the latter 
being re?ected from the point of defect D. The charac 
teristic impedance of the pulse generator and the cable 
2 are so adapted that no pulse re?ection will take place 
if there is no defect in the pipe and wire length to be 
supervised, and in that case the detector 10 will receive 
the main pulses P only. If a defect D occurs the ?rst 
short pulses in each pulse series may be of such small 
width that the main pulse P as illustrated in FIG. 1 will 
be received by the detector prior to reception of the 
re?ected pulse PR, but as the following pulses get wider 
a situation will occur in which the main pulse is of a 
width corresponding to the running time of the front of 
the pulse to the defect point D and back to the detector, 
whereby the detector will receive at the same time both 
the main pulse voltage and the voltage of the re?ected 
pulse, and the detector 10 is adapted so as to produce an 
output signal in response to this situation being reached. 
The particular pulse width will be indicative of the 
distance from the wire end to the defect point D, and 
the pulse may be identi?ed by the output signal of the 
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4 
detector 10 being fed to the counter 14 so as to cause the 
counter to stop at the counter stage corresponding to 
the number of the said particular pulse in the series of 
pulses. 

Especially the ?rst pulses in each series are of ex 
tremely short duration, and in order to enable the 
counter 14 to count these pulses the connection 16 from 
the pulse generator 6 to the counter 14 may include a 
width control unit 24 serving to increase the width of 
the pulses supplied to the counter 14. A further feature 
is a blanking control unit 26 arranged in the output wire 
22 of the detector 10 and connected with the display 
unit 18 so as to cause the display to be operative only 
when the counter stage is reached in which the causes 
10 cause the counter to stop; thus the display will oper 
ate intermittently and show the stop counter stage 
every time it is being reached by the counting of the 
pulses in the consecutive series of pulses, and these 
series may follow each other with such high frequency 
that in practice the display will steadily show the said 
stop counter stage. 

In a preferred arrangement the measuring system is 
adapted so as to supervise a pipe and wire length 2,4 of 
l kilometer, and each pulse series includes a number of 
1000 operative pulses, the consecutive differential 
width of which corresponds to a pulse running time of 
2 meters, i.e. corresponding to a cable length of 1 meter. 
With such an arrangement the display 18 will count the 
thousand pulses (or up to 999) and the said stop counter 
stage will give a reading directly indicating the distance 
in meters from the wire end to the defect point D. Obvi 
ously, however, these parameters may be chosen to suit 
other requirements. 
The consecutive series of pulses of varying width 

may be generated in one of a variety of possible man 
ners, one being illustrated in FIG. 4 which shows the 
combined output signals of two so-called ramp genera 
tors, one producing a saw tooth signal S consisting of a 
regular train of triangular pulses of steeply inclined 
front sides of ramps R1, while the other ramp generator 
produces relatively very long pulses each de?ned by 
the slightly inclined ramp R2. The beginning of each 
ramp R2 corresponds to the beginning of one of the 
pulse series as shown in FIG. 3, and the single pulses in 
the series are derived from the intersections between 
the ramps R1 and R2, whereby as shown in FIG. 4 the 
pulses P will be produced with consecutively increasing 
width throughout the period of the ramp R2. However, 
only a partial length of the ramp R2 is used for the pulse 
production, whereby there is provided space A, FIG. 3, 
between the consecutive pulse series. According to the 
method of producing the single pulses it will be under 
stood that the rear sides of the rectangular pulses will be 
spaced evenly from each other (distance B, FIG. 4), 
while their front sides will occur at steadily increasing 
distance in front of the ?xed rear sides. 
FIG. 5 illustrates a pipe and wire length in which a 

defect has occurred at the point D situated approxi 
mately two thirds of the wire length from the measuring 
end M thereof. When a pulse series (FIG. 3) is transmit 
ted the ?rst many pulses of short width, e.g., the pulses 
P1 and P; as shown in FIG. 6 will be re?ected from the 
point D without the re?ected pulse PR1, PR2, respec 
tively, coming back to the detector before the main 
pulses P1 and P2 have terminated. As shown in FIG. 7, 
as the pulse width still increases, a situation will occur in 
which one pulse, e.g. P716 will produce a re?ected pulse 
RRm, the front of which arrives to the detector very 
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shortly upon termination of the main pulse Pm, where 
after the following re?ected pulse PR7" will arrive at 
the detector before termination of the associated main 
pulse P717. Thereafter, of course, all subsequent pulses in 
the same series will be re?ected so as to arrive at the 
detector prior to termination of their respective main 
pulses. 
The pulses generated by the generator 6 and supplied 

to the detector 10 through the wire 12 are used as strobe 
pulses serving to actuate a circuit for detecting the 
voltage of the input signal on the detector and to make 
this detection inoperative in exact response to termina 
tion of the main pulse in question. In FIG. 7 the opera 
tive periods of the voltage measuring circuit are desig 
nated V716 and V717. It will be understood that during 
the measuring period V716 the circuit will measure the 
voltage of the main pulse Pm, only, while at the end of 
the period V717 the circuit will measure not only the 
voltage of the main pulse P717, but additionally that of 
the re?ected pulse P Rm, this giving rise to a sudden and 
substantial change of the voltage measured (whether 
the re?ected pulse in positive or negative), and this 
substantial voltage change is relatively easy to detect by 
suitable detector means which would need no more 
detailed description at this place. The voltage measured 
is shown schematically in FIG. 8 in which the said 
voltage change appears at tm. 
The detector 10 produces its output signal in response 

to the said voltage change so as to thereby stop the 
operation of the counter 14 and make the display 18 
operative during the remaining period of the pulse se 
ries in question. The described operation will then be 
repeated from the beginning of the next series of pulses. 
The measuring system according to the invention is 

usable not only for detecting a more or less expressed 
short circuiting between the wire 2 and the pipe 4, but 
also for detecting a break of the wire 2 or any other 
cable to which the measuring system is adapted. If the 
defect point D represents a wire break the re?ected 
pulses will be positive while they will be negative if the 
point represents a place of reduced impedance com 
pared with the characteristic impedance of the genera 
tor 6 and the cable 2 in the normal condition thereof. 

In FIG. 9 is illustrated the situation in which a cable 
break is detected. The re?ected pulses are positive, and 
when the front of pulse P667 returns to the detector as a 
re?ected pulse front it will be added to the rear portion 
of the main pulse, whereby the resulting voltage change 
is detectable at the end of the V667 measuring period just 
as described in connection with FIG. 8, though it may 
be necessary to make use of separate detector circuits 
for the two types of detection. FIG. 9 represents a de 
feet occurring in a cable length of l kilometer at a point 
spaced two thirds from the measuring end thereof. 

In practice the measuring system may be used either 
as a stationary equipment located in the ?eld adjacent 
one end of the pipe and wire length to be supervised, 
whereby each partial section of a district heating system 
would require a separate measuring equipment, or the 
equipment may be included in a portable unit to be 
connected to any of a number of such partial sections. 
In the latter case care should be taken that the various 
sections are of correct impedance adaption. 

Generally it will not be desirable to effect supervision 
of very long wire lengths, because noise signals may be 
liable to occur. Therefore, in case of large pipe systems 
such as complex district heating systems or very long 
oil pipe lines, both of the heat insulated type having a 
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6 
detector wire incorporated in the insulation, it is prefer 
able to make use of mutually separated lengths of detec 
tor wire de?ning said partial sections to be individually 
supervised. At each mounting or connection place the 
measuring equipment may be used for supervising two 
such sections, viz, one section at both sides thereof, 
when suitable switch over means are used. In a double 
pipe system comprising two parallel pipes the measur 
ing equipment at a given place may correspondingly 
supervise four of said sections, e.g., of l kilometer each, 
when it is connected successively to the four individual 
sections, e.g. by means of an automatic electronic 
switch. In a system having a plurality of such partial 
sections to be supervised it will even be possible to 
arrange for the detection results from the single sections 
to be transmitted to a central receiver and supervisor 
station, e. g. by means of carrier wave generators associ 
ated with each measuring system and each producing a 
carrier wave of an individual frequency which is modu 
lated by the measuring result, if any, of the associated 
measuring system, whereby the readings of all the mea 
suring systems may be transmitted to the central station 
through one common transmission wire. 
The counter 14 should not necessarily be adapted to 

stop its counting in response to occurrence of the output 
signal from the detector 10, as the counting may well 
continue if it is just ensured that the display 18 will 
show the number of the pulse giving rise to the ?rst 
reaction of the detector 10. Thus, instead of causing the 
counter to stop the detector output signal giving rise to 
the display 18 showing the relevant pulse number may 
cause the detector 10 to be generally inoperative during 
the remainder of each pulse train, so that the display 18, 
despite the further operation of the counter 14, will 
show only a glimpse of the number of the relevant 
pulse, but since the pulse trains may follow each other 
in a rapid manner these glimpses will get the character 
of a permanent showing, though of course the last ciffer 
may ?uctuate especially if the reading result corre 
sponds to a distance to the re?ection point D de?ned 
midways between two consecutive pulses. 
The pulses in the consecutive pulse trains should not 

necessarily be of steadily increasing width, since it will 
of course be possible to detect the reversed change 
between the pulses P716 and P717 in FIG. 7, when the 
pulses are of steadily decreasing width, whereby the 
voltage change will go in the opposite direction. In 
FIG. 8 it is indicated in dotted lines below the time axis 
that by a level transformation the drop/raise of the 
resulting positive pulse voltage may be converted into a 
raise/drop of a corresponding negative voltage, 
whereby a safe detection may be facilitated. 
The system according to the invention does not re 

quire the pulses to be of steadily increasing or decreas 
ing width or to occur with any constant frequency, 
when only means are provided for identifying the single 
individual pulses in response to occurrence of the detec 
tor signal. In a simpli?ed embodiment of the system it 
will be suf?cient to use a generator 10 producing pulses 
of varying widths in response to manual (or motorized) 
operation of a dial, while the detector 10 is connected to 
a signal lamp such that actuation of the lamp will be 
indicative of the pulses changing their width beyond the 
pulse width corresponding to detection of a re?ecting 
spot of the wire, and the measuring result is then given 
by reading the particular position of the dial. 

Finally it should be mentioned that the discussed spot 
of changed impedance should not necessarily be indica 
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tive of a defect, as in certain connections it may respre 
sent e. g. the position of a body which is movable along 
the wire; a metallic body located near the wire may well 
be able to cause suf?cient impedance change for giving 
rise to a pulse re?ection. 
What is claimed is: 
1. A system for localizing a spot along an electric 

conductor in which an impedance change such as a 
break or a short circuit has taken place, comprising 
pulse generator means for transmitting a series of elec 
tric pulses to the conductor from one end thereof, and 
associated receiver means for detecting the return of 
pulses re?ected from said spot, said generator and re 
ceiver means being connected to indicator means, oper 
able to detect the time interval between transmission 
and reception of a re?ected pulse and to produce a 
corresponding showing of the location of said spot, 
characterized in that said pulse generator means are 
operable to produce a series of pulse trains each com 
prising a series of pulses of individual durations or 
widths, preferably of steadily increasing or decreasing 
widths, ranging between a minimum width correspond 
ing to the pulse running to and back again from a con 
ductor point relatively close to said conductor end and 
a maximum width corresponding to the pulse running to 
and back again from at least a point near the opposite 
end of the conductor length to be supervised, said indi 
cator means comprising detector means responsive to 
reception of a re?ected pulse front when this reception 
coincides substantially with the termination of the indi 
vidual pulse giving rise to the re?ection of said pulse 
front, and pulse identi?cation means operable to pro 
duce information selectively indicative of the single 
individual pulses, said detector means being operatively 
connected with said pulse identi?cation means so as to 
cause the latter to produce information identifying the 
pulse giving rise to said detector response. 

2. A system according to claim 1, in which the pulse 
generator means are so adapted that the pulses in said 
pulse trains are generated so as to have steadily increas 
ing pulse widths, and wherein the pulse identi?cation 
means comprises counter means operable to succes 
sively count the consecutive pulses and stop or read out 
the count in response to said detector means responding 
to reception of said re?ected pulse front. 

3. A system according to claim Lin which said detec 
tor means are operatively connected with said genera~ 
tor means so as to be maintained open and operative for 
reception of a re?ected pulse front during the entire 
duration of each pulse, but is made inoperative in imme 
diate response to termination of the pulse. 

4. A system according to claim 2, in which the 
counter is operated by the generated pulses, pulse width 
control means being provided for broadening pulses of 
very small width for safe operation of the counter. 

5. A system according to claim 1, in which the pulse 
generator means are so adapted that the pulses in said 
pulse trains are generated so as to have steadily decreas 
ing pulse widths, and wherein the pulse identi?cation 
means comprises counter means operable to succes 
sively count the consecutive pulses and stop or read out 
the count in response to said detector means responding 
to reception of said re?ected pulse front. 

20 

25 

40 

45 

55 

65 

8 
6. A system for localizing a spot along an electric 

conductor in which an impedance change such as a 
break or a short circuit has taken place, comprising: 

pulse generator means for transmitting a series of 
electric pulse trains to the conductor'from one end 
thereof, each of said pulse trains comprising a series 
of pulses of individual widths ranging between a 
minimum width corresponding to the pulse run 
ning to and back again from a conductor point 
relatively close to said conductor end and a maxi 
mum width corresponding to the pulse running to 
and back again from at least a point near the oppo 
site end of the conductor length to be supervised; 

detector means for detecting the return of a pulse 
front re?ected from said spot when this pulse front 
reception coincides substantially with the termina 
tion of the individual pulse from said pulse train 
giving rise to the re?ection of said pulse front and 
generating an output response; and 

pulse identi?cation means connected to said pulse 
generator means and said detector means for pro 
ducing information selectively indicative of the 
single individual pulses of each of said pulse trains, 
said pulse identi?cation means producing informa 
tion identifying the pulse giving rise to said detec 
tor response in accordance with a signal from said 
detector means so that the time interval between 
the transmission and the reception of the re?ected 
pulse may be determined and the position of said 
spot from which said pulse was re?ected may be 
located. 

7. A system according to claim 6, wherein said detec 
tor means comprises means for operatively connecting 
said detector means to said generator means so that said 
detector means is maintained open and operative for 
reception of a re?ected pulse front during the entire 
duration of each pulse, but is made inoperative in imme 
diate response to termination of the pulse. 

8. A system according to claim 7, wherein said pulse 
generator means comprises means for generating pulses 
in said pulse trains which have steadily increasing pulse 
widths. 

9. A system according to claim 7, wherein said pulse 
generator means comprises means for generating said 
pulses in said pulse trains with steadily decreasing pulse 
widths. 

10. A system according to claim 1, wherein said pulse 
identi?cation means comprises counter means operable 
to successively count the consecutive pulses and to 
provide count information in response to said detector 
means responding to the reception of said re?ected 
pulse front. 

11. A system according to claim 7, wherein said pulse 
identi?cation means comprises counter means operable 
to successively count the consecutive pulses and to 
provide count information in response to said detector 
means responding to the reception of said re?ected 
pulse front. 

12. A system according to claim 11, wherein said 
counter means comprises pulse width control means for 
broadening pulses of very small width supplied from 
said pulse generator means to enable said counter means 
to count said small width pulses. 
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